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Abstract: Artificial cloud seeding was carried out by Weather Modification Office of Hebei Province on
clouds in a reflux and westerly synoptic system over central and southern region of Hebei on 19 April
2013. The cloud seeding and detection site was located in the updraft airflow in front of the trough and in

the reflux. The characteristics of the precipitation are; (1) the precipitation structure is characterized by
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pre-trough cloud and reflux cloud, where large particles grew mainly in the upper front of trough; (2)
both the temperatures of pre-trough cloud and the according cloud top were higher while the reflux cloud
was colder, causing the solid precipitation particles to block together and resulting in the enhancement of
surface snow; (3) the number concentration of big cloud particles and precipitation cloud particles was
high. Moreover, there were abundant small cloud particles. The value of the intercept of the full spectrum
fitting curve exceeded 2 (b>>2), suggesting it is suitable for seeding operation. In addition, application of
airborne measured microphysical parameters, satellite, radar and air-sounding data in refined operations
were analyzed. The results suggest that variations in micro-structure, satellite and radar parameters within
cloud are significant after the operation work. The regional variation of surface precipitation has passed the
analysis on significance, but whether the difference before and after the affected area is the catalytic effect
needs further verification.
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B 1 20134E4 F 19 H 08:00 KB
(a) 500 hPa, (b) 850 hPa
Fig. 1 Synoptic patterns at 08:00 BT 19 April 2013
(a) 500 hPa, (b) 850 hPa
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B2 201344 A 19 H 10:03—16:03 £ZI4F TR = &
(a) 10:03, (b) 11:03, (c) 12.:03, (d) 13:03, (e) 16:03
Fig. 2 Infrared satellite cloud image from 10:03 to 16.:03 BT 19 April 2013
(a) 10:03, (b) 11:03, (c¢) 12.:03, (d) 13:03, (e) 16:03
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Fig. 3 Radar PPI elevation angle from 10:24 to 15:18 BT 19 April 2013

(Color bar denotes composite reflectivity, unit: dBz; curve denotes the seeding path, black dot denotes Xingtai site)

(a) 10:24, (b) 11:00, (c) 11:24, (d) 12:00, (e) 13:00, () 15:18



1346 A

1 BT ———
il | 14“]() — 2013.04.19 22:00
14 o % i o3
12 T i ;[
o o | '\
200
o e
Elo | TN | A ===l SJ BB cmE
- i B
238 e i = 300 -~ ncpin
e ] o715 Sh= 3]
e | |13 L | — OC R
e }\ = X
o, | ot EE
4 - e 1 & — BSRE
r & {700 — skEtEREERE
215 -i/ - T . i Casp A EERERE
! B0 --- =imia
0 . g — 100

=50 0 50

=50 0 50

=50 0 50

B4 2013 4F 4 A 19 H 08—22 W44 0 I % A
Fig. 4 Radiosonde data from 08:00 to 22:00 BT 19 April 2013
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Fig. 5

Flight trajectory and time variation of temperature, particle concentration and effective diameter

(Hollow circles, hollow triangles and solide circles represent the concentration of cloud particles in

the seedable area, the most appropriate seedable area and the non-seedable area, respectively)
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Fig. 6 Evolution of section area in the seeding path

(a, ¢, e, g and i denote the horizontal path from Shijiazhuang to Gaoyi; k indicates

the horizontal path from Shijiazhuang to Gaoyi, and then to Yuanshi; b, d, f, h

and j depict the horizontal path from Gaoyi to Shijiazhuang)
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Fig. 7 Vertical distribution of micro-physical parameters

(a) concentration, water content and effective radius of small cloud particles, (b) the vertical

variation of concentration and water content of big cloud particles and temperature, (c) the variation

of concentration and water content of precipitation cloud particles and temperature

I Ta /)y 0kL 5 W B BE = B R 23 A s, TRAL
T BB B/ 25 R v B 22 U R B0 A3 A G I AE
ik = 1190, 1444 F1 1875 m 4b e vh = 3288, 3867,
4880 Fl 5477 m Ab H B/ = R e BE R AE X, A B
WU BE Ay 36 %) 18.5.18.4.17.4 J% 89.7.14. 4,
15.3 F 15,4 em ° . /v zobi B0k B2 fse KAE H BRAE
Ha R FWRE N RN B TENR R EYTE
4~9 em . IR FIHE S KEEE DM 5KE
Wi e B2 19 20 A — B0 43 BIAEAR = 1218 1 1850 m Ak
Kot 75 3288.3844 4740 15428 m Ak B 2 oK AR
B, Fe K 2 7K 43 A 8] 0. 011,0. 008 K& 0. 037,
0.0095.0. 0061 1 0. 005 g » m °, /)z ki T4 %%
BT B B B AR AR v B AR A AN — B, B KRR EE T
TE 5 FE AN A BB AR B0 » AT g 32 R Bk A 1Y K I AR
HAAR KRN . N BT R AR 2 W R G
A3 Ay BIAEAR & 12601820 F1 2062 m Ab Ji f
3407.3844 ,4735,5054 F1 5577 m Ak 4 B/ = kT
BRE AR KA X e KR T SR ik #1121, 9,
19.4,18. 7 pm J 16. 8,20, 9,19. 2,19. 0 Fl 16. 5
pm, W E R/ Mo FERERS TH .o
WHF A EHARE—MRAE 12~21. 9 pm, HH L= F
Y19 18,3 pm.th = F-4424 16. 3 pm, = J&JZ KL T
A ERB/N BT 15,7 pm LT,

FHHEARR RN R TF I REBRE, P57
M AR R /N kL 1 7 Y U S 24 57 7 iR AR
FAE/NZ BT R R A RCE A W R AE == (1 7]

B K i BB AR R % B AR T BB PN R R - K SR
TR L e . XD kLI A5 R AR G R
Bl 172 1 B A0RL T B4 R 16, 02 pm,
92 % M ARECFE ¥ AR Dy A 4. 55 pm, 52 %6 [ AR ECF
Y EHAR D, K 5. 71 pm. 38 % B R ECE 2457 )5
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TR R s ARBCZ 0N B8 B /N 2R T A [ R AIE
AT Y IR BOR B

NIEL 7 IR R - 4 B i e JBE 19 43 A T LR
TCHLT BB B ok il ok B2 52 22 08 BRI 4 A L 43 A
Kz 840,1367 F1 2082 m Ak J% f1 & 2953,4646 il
5483 m Ab IR 2 k- Uk FE R AR X Fie KORL - Wk i
Ay B3 F] 0.196,0. 254 F1 0. 083 J20.453,0. 286 il
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SGWL A 2 AW B E R TSNS R R
#2953, 5483 m &b K 2 kL F ok B Gk B AR KA K
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B K 2 b e B e 5 A8 AL AR AR K AT R 55 = K
FZERGAR I SRR R
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&' A AT REACK 4 A KA IR N
K K R 7 Vi B W AE 1405 H1 1761 m 25 B 4b % 17 {8
9 0.0037 F1 0. 0041 em* , FZ AL B ACKL ¥ i I {45
IR AT BB 5 BEACKL 776 T R 72 i ) = A 56

F 2 b FSSP W n, NI B M A 3915 ~
5117 miwid B AL, FSSP ¥k B 75 % 43 i {35 39. 9
~110 em L 3% B A AL A9 K S TE ] 7 KA KRR S
) 25% , 3915 ~ 4531 m & ‘B i b 19 K F 3 Fl 5

*2

5020 LA b A (5 25 %0 i XS AE 45 i 2 B R GE
fiEfL . 2DC ¥R B0 K, 3k 44~392 L' AL b2 M
057 7R A R R i B R R R B R 1 Ve K
2 AU F S VKE R . 3915~6337T m AR ZE
() 2DP Hi F i X O B 7344 X, Ho 5117 mo B
it 2DP K 730 5 RHLEZAE = R B CAT A G,
2DP i F7E 1374 m AL AE . 7] BERL T 72 % & 5
JZ D b R B I SR R K

EMEFEREERRS ERER NS G FHE

(FSSP B {i :ecm™ ,2DC #0 2DP & fir: L")
Table 2 Quarterly characteristics of particle number concentration at different altitudes
(em™ for FSSP, L~" for 2DC and 2DP)

FBE/m 25%FSSP 50%FSSP 75%FSSP 25%2DC  50%2DC  75%2DC  25%2DP  50%2DP  75%2DP
1072 3.05 4.39 12.4 43.9 74.7 159 5.08 6.9 9.18
1374 10. 4 16.4 19.9 192 307 392 10.8 13.1 16.3
1989 7.32 8.79 10. 1 109 140 172 5.99 7.47 9.42
2598 5.67 7.83 10. 7 75.1 115 165 1.48 2.08 2.8
3177 6.47 8.08 10. 6 90.7 117 146 2.37 2.84 3.24
3915 19.5 28. 8 110 / / / 3.74 4. 89 7.12
4531 19.4 29. 2 62.1 / / / 4. 34 5. 84 7.26
5117 7.23 10.9 39.9 / / / 3.3 4,03 5.11
5723 5.58 7.84 12.0 / / / 3. 65 4.51 5. 42
6337 3.91 5. 86 10.5 / / / 3.48 5.5 8.01
6926 2.81 4. 02 5.73 / / 212 2.03 2.81 3.78
2.6.3 BT#ELSH AR R b bR S AR R RORE G kL

ML AR AT & R R T 2 R (K] 8a~
KIS VAR R7: E il N 35 A 57 (T N VA 7= < Y =R
1~10 cm * « pm ' Z ] 4E 3177~5723 m (& £ )2,
2DC H1 2DP #3H B — AN, 16 {5 BL 42 800~ 1200
pm, 2 PR35 58 BEAE 6000~8000 pm, 2 TH 3% 5
1E 2000~3000 pm, Hirh 3915 m % 5 58 . % & B 2
AWK ER . K 8b F1 8c H,2DC F1 2DP # 4>
PRI UL R 335 75 A% A [ 09 by & A= O 5 D
PRI BEA WA« — 2 2DC 583Kk 5 A I 72 7 00 ) 5 4
3k i K 5 — o 2DP RSk H AR JORL - HAR A
/R E B IR IC . 3177 m L b B L Nk
WL 2, 2DC 1 2DP KL 38 2 K . HA Rk
(] Fof S 7R 2 oA R ORI AR 0E DE{E E AR 700
~1000 pm, 2z PR KR T 3% W6 (E B 42 /N Tl ROt
S5 (1965) 48 75 MOUL I 119 04 (B L 42 1000 ~ 1600 pm,
A BEIR S = b T A R B AN [+ 3 T

T ESE H bR 2 s R i ROBE RN Bk B
G3 A B0 25 ) R A BRI Sk R v 5 Ok 5 B
(] 2% A 11 4 3% [ (&L 8D [ v AN [ 2538, 35 7 4 I
(] 3% LA 0 [ AR MR B BN O em e pm

TR R RN L N 30 pm 1/ 0BT R
FE 5 AR H ] U 2 R DL R KT o N sk
TR 0.011~221.7 ecm ™« pum™ 'y K= B F ik
WRE N 6.24 X107 ~0.9367 cm™* « pm™ ' B KR
FREWe BE R 7. 16 X 10 ~1. 04 X 107% cm ™
2545 CHLER D Y & B, v LLR B, 3177 ~
3915 m @& BE CRHL 10:34—10:51 WL ) b,/
b iR RWE R 221. 7 cm ™ « pm ™' R AR F
WA RHBE R 0,94 em ™« pm ' B KR F 1% 5 K
WE0.00l em * « pm ', /NBRLFIRZHT L FEK
L3 S B A PT BB 50T 22 8]/ 2k 7l 5 DL
o R N A KR . TAE 4531 ~5723 m (K AL
10:54—11:21 I EIE) 2 2 7 = B0 F e JE AR
Ref KR 3 ik 35 00 v 1L OIS T RE R O K £
VEZ /N BT 9 R KR & W, €Al 10: 45—
11 40X BT K 200 T X Bl A (2 1 F 2DC %5
SLARUK 1 B B B R B, TR AE 6337 ~6926 m
CEBL1T:24—11:45 WIEHR) & 1, CHLFE = T &
()7 AR RN AR RS 7 - (PN LR N 1A
T HAZRIK 8000 pm, Fi KR T HBLFE = A9 H R 36, AT

—1
pm
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Fig. 8 Size distribution of small cloud particles (a), big cloud particles (b) and precipitation

particles (¢) during horizontal legs in the 11 layer, and variations of all particles with time (d)

(Illstration same as Fig. 6)

R3 BENTLESREEUGHESH

Table 3 The exponential curve fitting parameters of full particle size distribution at different altitudes

gg%éi

.000E

.000E
000E
000E
000E—
000E
000E

.000E

= /m a b R? - 3e

1072 —2.64 1.94 0.96

1374 —2.42 1. 64 0.97

1989 —2.46 1. 44 0.97

2598 —2.35 1.17 0.97

3177 —2.47 1.47 0. 96

3915 —2.66 2.3 0.91 2DC H B

4531 —2.73 2.52 0. 96

5117 —2.78 2.59 0.92 2DP {li#%: 5.5 2DC i 2k i IF

5723 —2.74 2.39 0.87 2DC H B

6337 —2.54 1.17 0.94

6926 —2.75 1.53 0. 85 2DP {5575, 55 2DC fh <k i T
R —2. 59455 1.832727 0. 934545

L1111
SBRIKZRR
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T4 A A LA A AR AR G EIJR BoR &
1) 2R 45 F R AE
2.6.4 B

S AR A R R BE AL R B 2DC B¢ 2DP

Y AR — 5K i 6 R e BE 2 R 107213741989,
2598.3177.3915.4531.5117.5723.6337 16926 m.,
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Table 4 Information of the detected two-dimensional particles in clouds

i %] HEE/°N ZE/)°E & /m e/ C i g

10:05:33 37°42. 3’ 114°36’ 1072 —4 ASHLIUIR K b 25 v vk R T

10:12:24 37°53. 2’ 114°34. 9" 1374 —5.04 BFAR V5 WA UK IR

10:16:20 37°50. 9’ 114°35. 1 1989 —8.19 BOIR VIR HEIR UK B o 3R A 1A

10:29:18 37°52. 8’ 114°35. 2 2598 —3.56 A AABCR VIR CHOIR (B A5 WK S R T

10:36:20 37°46' 114°35. 6 3177 —1.46 R T A AR VK S

10:46:31 37°41' 114°35.9' 3915 —2.01 B AR R BRI E A

11:01:05 37°34/ 114°36. 6 4531 —4.02 ZEWE VK TR T VEIR R R R VK

11:06:38 37°40. 7' 114°35. 5 5117 —7.14 KRB AK.F.EH

11.20.25 37°35. 6/ 114°36. 2' 5793 10,24 ASATBCR CECIR VIR R R B vk R
R UK R B vk & A

11:28:29 37°51. 4/ 114°35. 2 6337 —14.02 B B | vk b 45 e A

11.40.08 37°45. ' 114°35. 4" 6526 —17.78 FSAAACR R BR B R IR KRR S TR

K& OB T R KRR AR

M 4 a LIE B, 78 1072~ 3177 m iR JE N
—1.5~—=8.2 C,fF7E K A B vk & L 45 W vk
kL, AT B AR 0 3 ¥ K R B A
1500 pm DAR o H T 0 B A0 25 SO0 BE AN TR) s 45 g B
JZETEAR 2 7. 1374~2598 m ) B S 1R b
REE & B a] WA WK TR = P KIR 7
fifi. 7E 3915~5723 m X W E —2.0~—10.2C,
Hrr 3915 m HFAEW] B £ i KHAA A 3A 3000 pm
PLE S 134531 m 5 @R F s b, 2o AR
NI VKSR 5 5117 m AN HL N R S5 AT | ik DL Sk
ik £ HARAE 3000~4000 pm, 7] W% S
A6 2Z 18] AH EL A 3% fe R 5 AR TR U R 5 Ml B £, 5723
m REW B S, 6337 m KA b IRELE — 14~
—18°C, HBUHUIR VEFIR CEEAR L RR T R T, Bk
b H EH AR — /N T 1000 pm, PN 2k K]
195 BT 0l LLE H . 1072 ~1989 F1 3915~5117 m
B A B AR S UK S R AR R R %
WA K 5 UK dioRL - 3 A7 18 25 8] DKORDRL 38 3 B
A i T A B
2.7 BHORMEMIRIEE S

AR XA TE = R TR XN AR —
B FZUWE AR 2)ZE, LIZHEREHR AR, 8N
2995 m, 2z T N 5726 m. = P & BE7E — 0. 14 ~
—10.5C; FIZ N BRI AR, = KA 1068 m, =

Tk 2591 m, = NIRBETE —0. 5~ —8.3C, Nk
[|] 3 54 B I 20 A N 2DP kL &/ . KR R EAE
JARE T = g R R = IR L TR
=R AR (3177 ~4531 m IR —2CA£ A, 1989 m
MHE—8C), 1374 m fifiE A K& 2DP ki+, M L2
& 1 B KORL T 7 RS 3 38K K T R s =
Kok FFBEKR IR 2, 2DC WA H 60 L (&
KA 392 L) 2DP ¥ fE R 4 L (Kl 30 L1
DY /N i35 100 em * (g RMH L 700 em ™), &
— E AL T

3 RRIHr

3.1 HRRXE5XLERRS

KL 3000 m AR R AR KL KUl 22 ~
43 km « h',3000 m LA I 20 5w XL ak v b XL, R
J 67~93 km » h ',3177~6334 m & 25 3 Rk
980 km « h' SEEIRUE 263°, i P KL b WA
K AN [7) e B2 3% S Ak, MR 418 22 G2 7% 3 J 1) Rk %
3000 m DA AEAL BT KU S R XL, 553000 m A
LW A3 B 2 K 3 A
3000 m LA R fE Ak J5 19 52w DR AH B R X LG X
10:35PAJE7E 3177 m #4k . 3000 m D) b 5523 KUEE Ny
P PG XL o AL 2= BAE 23 KUVE R B R e %8 3l o 4 g
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1) 5% M) DX 0 X6 B X UL & 2 AR 3, Hirp ab=182 km,
ae=80 km,ac=105 km,

x5 XHMEAFTEX
Table 5 Wind speed aloft measured by aircraft

N N/
7] Hb s = B/ m ]
km « h~!
10:08 e 1374 165 42.596
10:16 AXRIE 1983 144 22.224
10:35 T 3182 290 66.672
10:50 [RIE 3900 238 88. 896
10:57 JCIK 4536 280 75.932
11:05 JCI% 5113 240 92.6
11.14 AEE 5700 290 66.672
11:26 e 6334 239 87. 044

3.2 IR IERESENTK

TERESEE R (& 9,10.03,114. 8°E DL 7
TESHOE K. B 2a | gh LA 7 K 2R
10:35—11:03, {4k &5 BE £E 3177 ~ 4531 m, A 4 &5
23 S XU RGE HEE L 11,03 ik = 3Kk a i,
a XTIl 2b P Sk A TR 0 B Lz B B AR5
HKAE ., 12:03,a KRB E] A 2, A LXKl 2¢
fisk ANiE. ME 2b fl 2¢ B Z L = 7
ABHBEL R KAZEE, 2TWA S, 13:03,b
LARBEH B.B LUK MMIL s, 11:03,.12:03 Al
13:03 f# b & M = 108 2 18 2 8 il 2R 40 B W 4
fE = T BEM 11:03 JF 46 T+ . 1 6000 m |- F )
8000 m L |+,12:03.13:03 4E4#7E 8000~10000 m;
T BN 11: 03 FF 4 T R, — 30C T B 3
—40C A AR FLEETHE S 25 pm 4506
2R FEAERFAE 35 22 A7 0 s WK B AR T i B 600
~800 mm, M 13:03 EFH B LAV = Tkt B e
25 T00 i BE AT ' 2 RS B8 RN YK % 42 34 R B e e
AL AR b i B 8] R 112 20—12: 00, £F Mk = B 7E
6334 m, b F = Hh AL TE R, AL 5 i XX R Y
B B T s & 11D 8 3 [l 6 T iy AR v a0 i 2 AT
LT

B 10a M AR = TR E S WL H N
PR X, B 4y 3 oA R X 1 fxt X 2, T o
PPk 80 km « h "B M AR FEE, 12:03 Il 2 1 ab
LB AR T of , (AL, & 10b B2k 2 0]y fifk
SR XL B 4 50 Sk 3 B X (TR 10a) . Al =
1 2 TOIR JE AR o — 40°C L = T /& 2 f KM N
9800 m 6 )R B e RAHFE 45 247 e ROK i 42
700 mm, £ ROk T2 48 30 pm BT — H RS L

ThiE. aTRE. =T E Ot EERRKES A
SR A Y L HIBOK 12 A RO T2 B i KAE 5
M7 %) 100 mm.5 pm, 520X 5% XA E , 25 T
T BE L 2 TOU v B A A AL A IS R I AR AL L (R TROK B
1 B RORL T2 48 Ol 2 R B A Ak B 8, L rp R X
P X R K B A% A B8ORL T 21 48 L 6 2 IR BE 4 0 B
400 mm 10 pm . 10, 6 # X5 b DX K #6280k
TS B F R 40 mm.5 pm, ME 2b A 2c
B o WA EE X 25 T00 EL 52 g X5 5 {HL 52 ) X3 36 ]
I 56 3 B A 0 B XL AT R A AR S R X P IR
R AR W MR A [ 5 e O R A P S

Kl 10c & FY-2 TREREMARE.TK. &
250 U MO 3 TR S 08:03—15:03 Bl i ] 4
A4, 2z T B 08:03 1Y 6175 m [ 3] 09:03 1Y
2230 m.ZJ5 %4 FFF.12:03 35 9100 m,13:03 [%&
%) 8660 m,14:03 PR T+ &3k 10925 m, Bt )5, IF
WG, = T i 26 5 2 100 B il 46 fa 34— 2,
09:03 J ¥ fr B —20.24°C, 12,03 F1 14:03 4351
P IR FEAR AR, B B e fIk — 36. 66 F1—40.62C, )t
FJERE8:03 4 27.5,11:03 ¥ E KMH 36.2)5 1
FEE| 23~26, WKEEARZLBE RS FREE 2L,
08.:03 & 577.5 mm,10.03 (%% 481. 26 mm 1K
{H . Z J5 FF b B 8 o, 11 03 F+ 3 4 K e K{H
647.67 mm. M 5 FF 2 T M, £ 15: 03 FF #
342.89 mm, R AR KA 8:03 A K& ik
29.4 pm,9:03 BB AL M 22. 24 pm, 1103 Al
13:03 34 BUHE K AH 24. 63 A1 23. 77 pm, X
RN 1 W A AL 0803 M B KR, 11:03 A
13:03 435I H BLFR 38 K KA. 10: 05 JF ff i £k .
11:03 DREEMMAZMX &G H B KR, H
12:03 LG » BL P A RCER 6 R = K 438 5
Jei BEAR AL ORI S R Z B, 1200
= 45850 hPa U Jn) H 7R B AU o 75 B R C b Bt T
AR 2R RO A Ve 55 5 DT 0 355 17 % 78 i A0
(36 THVE T » 33X — 78 b J2 75 5% i) 4 Ak 38 R A i 0k —
5T

3.3 fFUEEXBEEMNTN

Bk H R B 3 v gh R 2 B 28 8 3 A K 1) %
2K 31 10:36 X HfE.11:00—11:24 =k
A BRI R R 5 ]k X K, H ) i AR 5 ma ol 5
P+ 12:00 A Ak 5% ) rpcs B T o 300 5 e 8 DX, HE )
T & 2R (BT 11),10:36 i fb = HL (A) 15 dBz [a] i
W E 5000 my, JIE & 1200 mo, HCs fie K ] 9
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